The Proteome of Tetrasphaera elongata is Prepadapted to Changing
T. elongata str. Lp2 and E. coli str. K-12 were cultivated in modified R2A (minimal) medium [16] 1 0 5 to be comparable with previous studies. Inoculation was performed from liquid overnight cultures 1 0 6
to an optical density (OD) at 600 nm of 0.01. Initial oxic cultivation was done in 50 ml medium 1 0 7 within 250 ml conical flasks (25°C, 150rpm). For the 3 h of anoxic incubation, cultures were 1 0 8 transferred to serum flasks, and oxygen was removed by repeatedly replacing the headspace with 1 0 9 >99.9% pure N 2 . Cultivations were performed in quadruplicates, and whole cultures were sacrificed
at the end of the aerobic or anaerobic phase. Growth was assessed by measuring the change in OD 1 1 1 at 600 nm of 1 ml culture broth in a cuvette and with total protein concentration (see below). All metabolomic and proteomic samples were obtained and measured as four biological replicates. Extracellular metabolites were extracted and analyzed by 600 MHZ NMR as previously described [21]. In short, 15 ml of culture supernatant were lyophilized, rehydrated in 600 µl D2O with TSP as 1 1 7 standard, adjusted to a pH of 7, measured by NMR, and analyzed using ChenomX. For protein extraction, cells were lysed (in 1 % sodium deoxycholate, 50 mM triethylammonium 1 1 9 bicarbonate) using the FastPrep-96 Instrument (MP Biomedicals) for 1 min at 1600 rpm and the All membrane-based proteomic sample preparation [22] . The protocol was adjusted to 20 µg of protein, and the membranes were washed twice with 66% acetonitrile before equilibration with an 8 M urea Thermo Fisher Scientific, Waltham, USA) applying a 3 h method (~140 min elution window), they showed as expected different growth patterns. T. elongata grew considerably slower than E. growth were at least as high for T. elongata as for E. coli as determined by biomass differences as
assessed by the change in OD and total protein concentration (Table 1) .
Cost-effective use of substrates
To obtain detailed information of the substrate usage and the production of fermentation products,
the medium was analyzed by NMR at different growth stages ( Fig. 1 ). T. elongata was found to use
considerably less sugars and amino acids for growth compared to E. coli. Surprisingly, T. elongata
first depleted trehalose in the medium and subsequently exploited glucose and aspartate. Other succinate production during anaerobic incubation. Substrates were not a limiting factor in the experiments (Fig. 1) , although provided in low
concentrations, as they are in WWTPs and thus the oxic/anoxic switch can be seen as the primary
environmental variable. these, 228 and 171 were significantly altered in abundance (FDR 5%), but with higher maximum
fold changes in E. coli (Fig. 2a) . Classification of the differentially expressed proteins based on and transport, and inorganic ion transport and metabolism for E. coli compared to for T. elongata
Looking at specific changes for proteins involved in energy production and stress response, the
proteomic similarities between the two organisms were primarily restricted to an aspartate
ammonia-lyase (AspA) and, interestingly, to an ATP-dependent RNA helicase, which was the most assumingly led to additional acidic stress which was compensated by the expression of a lysine evident only for E. coli (Fig. 3) . Enzymes for fermentation or nitrate reduction were identified for E. coli (Fig. 3) . The presence of the anaerobic metabolic machinery for energy production in T. 
PAO-metabolism in T. elongata
As a PAO, poly-P accumulation and degradation in T. elongata are of special interest. One central
protein, which might be indicative of a PAO physiology, is the low-affinity Pit phosphate 2 1 5
transporter [31] . In the well-described PAO Ca. Accumulibacter it seems to drive VFA uptake in 2 1 6 the anaerobic phase [32] . In accordance with previously described observations, the abundance of
Pit did not show any significant change between oxic and anaerobic conditions for T. elongata.
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Neither did the high-affinity Pst system. A small (~1.3 fold), but significant, upregulation in the anaerobic phase could be observed for the polyphosphate kinase Ppk2. In contrast to Ppk1, which is anaerobic conditions [15, 37] . A recent comprehensive in situ study using Raman spectroscopy 2 2 9
could not verify the accumulation of glycogen in Tetrasphaera [38] . In this study, several putative
glycogen related enzymes for synthesis (GlgB, GlgC, N0E1Q7, N0E176) and degradation (GlgX,
GlgP) could be identified. Only N0E1Q7, a 1,4-alpha-glucan branching enzyme, showed a 2 3 2 statistically significant, but very small (~ 1.2 fold) change in abundance under aerobic conditions.
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This change was contrary to the assumption that glycogen synthesis is required during anaerobic conditions and carbon storage in Tetrasphaera remains a question of interest. Overall, the data suggest that T. elongata, in contrast to E. coli, is pre-adapted to anaerobic 2 3 7
conditions with the pathways necessary for energy production at the ready. If oxygen as a terminal 2 3 8 electron acceptor is unavailable, E. coli reacts by first using alternative electron acceptors like 2 3 9
nitrate or fumarate and ultimately relies on fermentation. As for most bacteria, the expression of the complement the existing metabolic model [15] (Fig. 4) responses from in vitro data must be done carefully, but the observations and the concluded 2 6 9 hypothesis fit in situ observations and will guide future enrichment reactor and in situ studies. lead to the identification of roughly 200 statistically significantly regulated proteins for both
organisms, but the regulation in T. elongata resembled more a fine-tuning of already present
pathways whereas E. coli underwent major rearrangements. Analyses of enriched pathways in E.
coli showed a clear down-regulation of pathways necessary for translation and aerobic respiration not be suitable for many natural environments, it seems well suited for engineered habitats like 2 8 5
WWTPs and their scheduled dynamics. 
